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TITLE OF THE INVENTION 

MALE-STERILE PLANTS AND METHODS FOR PRODUCING SAME 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is a continuation-in-part of US patent application Serial No. 

5 09/430,437, filed October 29, 1999,.pe«diftg. . ' 

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR 

DEVELOPMENT 

Not applicable. 

FIELD OF THE INVENTION 

';|o This invention pertains to transgenic Brassica plants, plant miaterial and seeds, 

^'•J characterized by harboring a specific transformation event, particularly by the presence of 

'% a male-sterility gene, at a specific location in the Brassica genome. T\\t Brassica plants 

i d of the invention combine the male-sterility phenotype with optimal agronomic 

N performance, genetic stability and adaptability to different genetic backgrounds. 

|y All documents cited herein are hereby incorporated herein by reference. 

SJ BACKGROUND OF THE INVENTION 

The phenotypic expression of a transgene in a plant is determined both by the 

structure of the gene itself and by its location in the plant genome. At the same time the 

presence of the transgene (in a foreign DNA) at different locations in the genome will 

i r 

20 influence the overall phenotype of the plant in different ways. The agronomically or * 
industrially successful introduction of a commercially interesting trait in a plant by . 
genetic manipulation can be a lengthy procedure dependent on different factors. The 
actual transformation and regeneration of genetically transformed plants are only the first 
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in a series of selection steps that include extensive genetic characterization, breeding, and 
evaluation in field trials. 

The term "rapeseed" covers every seed of the Brassica species. Brassica is 
cultivated from China and India to Finland and Canada as one of the most valuable oil 
5 crops. Most Brassica types belong to the family of Cruciferae, They originated as a 
diploid species having aneuploid chromosome numbers ranging from 7 (Brassica 
fruticulosa) to 12 (Sinapsis alba). 

The most extensively grown Brassica sptcits in Canada is known as turnip rape, 
or Brassica campestris (aa, n=10). Brassica oleracea (cc, n=9) has diversified in recent 
JlO evolutionary history into at least six major horticultural types, including broccoli, 
|P cauliflower and cabbage. Brassica nigra (bb, n= 8) or black mustard is a less important 

; fa 
•its* 

crop conmiercially and is mainly known for its seeds from which mustard was originally 
made. From these basic types, amphiploid hybrids have been derived in more recent 
3 evolutionary stages by intercrossing. The most important of these are Brassica napus 
45 (aacc), of which the winter types provide the highest rapeseed yields in northern Europe 
3 , and Brassica juncea (aabb) or brown mustard that is one of the major oil crops of the 
Indian sub-continent. 

Though intercrossing between different Brassica species (particularly those with 
compatible genomes) is possible and often done for breeding purposes, not all traits (or 
20 genes) will be able to be transferred from one species to the other or, when transferred to 
a different species, will not retain identical characteristics (or expression patterns). Thus, 
a genetic locus conferring optimal expression of a natural or chimeric gene in one 
Brassica species, will not necessarily have the same effect in another. 
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Brassica species are bisexual and typically 60-70% self-pollinated. The 
production of hybrids and introduction of genetic variation as a basis for selection was 
traditionally dependent on the adaptation of natural occurring phenomena such as self- 
incompatibility and cytoplasmic male-sterility. Artificial pollination control methods 
such as manual emasculation or the use of gametocides are not widely applied in 
Brassica breeding due to their liniited practicability and high cost respectively. 

Transgenic methods have been developed for the production of male or female- 
sterile plants, which provide interesting alternatives to the traditional techniques. 

EP 0,344,029 describes a system for obtaining nuclear male-sterility where plants 
are transformed with a male-sterility gene, comprising for example a DNA encoding a 
bamase molecule under the control of a tapetum specific promoter TA29, which when 
incorporated into a plant ensures selective destruction of tapetum cells. Transformation 
of tobacco and oilseed rape plants with such a gene resulted in plants in which pollen 
formation was completely prevented. Mariani et al. (1990) Nature 347:737-741. 

Cytochemical and histochemical analysis of anther development of B. napus 
plants comprising the chimeric PTA29: bamase gene is described by De Block and De 
Brouwer ((1993) Planta 189:218-225). 

To restore fertility in the progeny of a male-sterile plant, a system was developed 
where the male-sterile plant is crossed with a transgenic plant carrying a fertility-restorer 
gene, which when expressed is capable of inhibiting or preventing the activity of the 
male-sterility gene. US Patent Nos. 5,689,041; and 5,792,929; and De Block and De 
Brouwer (1993). 
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The use of coregulating genes in the production of male-sterile plants to increase 
the frequency of transformants having good agronomic performance is described in WO 
96/26283. Typically, when the sterility DNA encodes a bamase, the coregulating DNA 
will encode a barstar. 

Successful genetic transformation of Brassica species has been obtained by a 
nuniber of methods including Agrobacterium infection (as described, for example in EP 
0,1 16,718 and EP 0,270,882), microprojectile bombardment (as described, for example 
by Chen et al. (1994) Theor. Appl. Genet. 88:187-192) and direct DNA uptake into ^ 
protoplasts (as described, for example by De Block et al. (1989) Plant Physiol. 914:694- 
701; and Poulsen (1996) Plant Breeding 115:209-225). 

However, the foregoing documents fail to teach or suggest the present invention. 
SUMMARY OF THE INVENTION 

The invention relates to a transgenic Brassica plant, the genomic DNA of which 
is characterized by one or both of the following characteristics: 

a) the genomic DNA is capable of yielding at least two, preferably at least 
three, more preferably at least four, most preferably five of the restriction fragments or 
sets of restriction fragments selected from the group of: 

i) One set of Ncol fragments, one with a length of between 5077 and ^ 
14057 bp, preferably of about 6000 bp, and one with a length of between 2450 
and 2838 bp, preferably of about 2500 bp; 

ii) one set of EcoRV fragments wherein one has a length of between 
5077 and 14057 bp, preferably of about 5500 bp and one with a length of between 
4507 and 5077 bp, preferably of about 4800 bp; 
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iii) one set of Muni fragments, one with a length of between 5077 and 
14057 bp, preferably with a length of about 5700 bp, and one with a length of 



iv) one Hindlll fragment, with a length of between 2838 and 4507 bp, 
preferably with a length of about 3938 bp, 

v) one EcoRI fragment, with a length of between 1989 and 2450 bp, 
preferably of about 2262 bp; 

wherein each of the restriction fragments is capable of hybridizing under standard 
stringency conditions, with the +/- 2000 bp fragment obtainable by PGR amplification of 
a fragment of SEQ ID NO: 1, using the probes having SEQ ID NO:2 and SEQ ID N0:3 
and/or 

b) the genomic DNA can be used to amplify a DNA fragment of between 
160 and 200 bp, preferably of about 183 bp, using a polymerase chain reaction with two 
primers having the nucleotide sequence of SEQ ID NO: 1 1 and SEQ ID NO: 12 
respectively. 

The present invention further relates to a transgenic Brassica plant, or seed, cells 
or tissues thereof, the genomic DNA of which is characterized in that it is capable of 
yielding at least two, preferably at least three, for instance at least four, more preferably 
five of the sets of restriction fragments selected from the group described under a) above 
comprising the sets of restriction fragments described under a) i), ii), iii), iv), and v) 
above, whereby the selection can include any combination of i), ii), iii), iv), and v) 
described under a) above. 



between 2838 and 4799 bp, preferably of about 4500 bp; 
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The present invention further relates to a transgenic Brassica plant, or seed, cells, 
. tissues or progeny thereof, the genomic DNA of which is characterized by both the 
characteristics described under a) and b) above. 

' The present invention further relates to a transgenic male-sterile Brassica plant, 
5 the genomic DNA of which is characterized by one, preferably by both the characteristics 
described under a) and b) above. 

The invention also relates to the seed deposited at the ATCC under number PTA- 
850 or PTA-2485, which will grow into a male-sterile, herbicide resistant plant. The seed 
of ATCC deposit number PTA-850 or PTA-2485 comprises about 50% seed comprising 
fSlO the elite event of the invention, which will grow into male-sterile, PPT tolerant plants. 
i,n The seed can be sown and the growing plants can be treated with PPT or Liberty™ as 
described herein to obtain 100% male-sterile, PPT tolerant plants, comprising the elite 
event of the invention. The invention further relates to cells, tissues, progeny, and 
% descendants from a plant comprising the elite event of the invention grown from the seed 
=Cl5 deposited at the ATCC having accession number PTA-850 or PTA-2485. The invention 
j;3 further relates to plants obtainable by propagation of and/or breeding with a Brassica 
plant comprising the elite event of the invention grown from the seed deposited at the 
ATCC having accession number PTA-850 or PTA-2485. 

The invention further relates to plants, seeds, cells or tissues comprising a foreign 
20 DNA sequence, preferably a male-sterility gene as described herein, integrated into the 
chromosomal DNA in a region which comprises the plant DNA sequence of SEQ ID 
NO:8 and/or SEQ ID NO: 10, or a sequence which has at least 85% sequence identity to a 
sequence comprising the plant DNA sequence of SEQ ID N0:8 and/or SEQ ED NO: 10. 
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The invention further provides a process for producing a transgenic cell of a 
Brassica plant, which comprises inserting a recombinant DNA molecule into a region of 
the chromosomal DNA of a Brassica cell which comprises the plant DNA sequence of 
SEQ ID NO:8 and/or SEQ ID NO: 10, or a sequence which has at least 85% sequence 
identity with a sequence comprising the plant DNA sequence of SEQ ID N0:8 and/or 
SEQ ID NO: 10, and, optionally, regenerating a Brassica plant from the transformed 
Brassica cell. ' * 

The invention further relates to a method for identifying a transgenic plant, or 
cells or tissues thereof, which method comprises establishing one or both of the following 
characteristics of the genomic DNA of the transgenic plant, or its cells or tissues: 

a) the genomic DNA is capable of yielding at least two, preferably at least 
three, more preferably at least four, most preferably five of the restriction fragments or 
sets of restriction fragments selected from the group of: 

i) One set of Ncol fragments, one with a length of between 5077 and 
14057 bp, preferably of about 6000 bp, and one with a length of between 2450 
and 2838 bp, preferably of about 2500 bp; 

ii) one set of EcoRV friagments wherein one has a length of between 
5077 and 14057 bp, preferably of about 5500 bp and one with a length of between 
4507 and 5077 bp, preferably of about 4800 bp; 

iii) one set of Muni fragments, one with a length of between 5077 and 
14057 bp, preferably with a length of about 5700 bp, and one with a length of 
between 2838 and 4799 bp, preferably of about 4500 bp; 
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iv) one HindlH fragment, with a length of between 2838 and 4507 bp, 
preferably with a length of about 3938 bp, 

v) one EcoRI fragment, with a length of between 1989 and 2450 bp, 
preferably of about 2262 bp; 

wherein each of the restriction fragments is capable of hybridizing under standard 
stringency conditions^ with the +/- 2000 bp fragment obtainable by PGR amplification of 
a fragment of SEQ ID NO: 1, using the probes having SEQ ID N0:2 and SEQ ID NO:3 
and/or 

b) the genomic DNA can be used to amplify a DNA fragment of between 
160 and 200 bp, preferably of about 183 bp, using a polymerase chain reaction with two 
primers having the nucleotide sequence of SEQ ID NO: 11 and SEQ ID NO: 12 
respectively. 

The invention further relates to a kit for identifying the transgenic plants 
comprising the elite event of the present invention, which kit comprises at least two PGR 
probes, one of which recognizes a sequence within the T-DNA of the elite event, the 
other recognizing a sequence within the 5' or 3' border flanking region of the elite event 
of the invention, preferably the PGR primers having the nucleotide sequence of SEQ ID 
NO: 11 and SEQ ID NO: 12, respectively for use in the PGR identification protocol. 
BRIEF DESGRIPTION OF THE DRAWINGS 

The following detailed description, given by way of example, but not intended to 
limit the invention to specific embodiments described, may be understood in conjunction 
with the acconipanying Figures, incorporated herein by reference, in which: 
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Figure 1. Plasmid map of pDEl 10. The plasmid pDEl 10 comprises the coding 
sequence of the bialaphos resistance gene (bar) of Streptomyces hygroscopicus, 
(Thompson et al. (1987 EMBO J. 6:2519-2523) under control of the promoter of the 35S 
gene from Cauliflower Mosaic Virus. Odell et al. (1985) Nature 313:810-812. The 
5 Bgini-Neol restriction fragment provides the bar probe. 

Figure 2. Plasmid map of pC048. The plasmid pC048 comprises the coding 
sequence of the bamase gene from Bacillus amyloliquefaciens (Hartley (1988) J. Mol. 
Biol. 202:9 13-91 5), under control of the promoter region of the anther specific gene 
TA29 from Nicotiana tabacum, Seurinck et al. (1990) Nucl. Acids Res. 18:3403. The 
% 10 EcoRV-Nsil restriction fragment provides the TA29 probe. 

:j Figure 3. Restriction map obtained after digestion of MS-B2 genomic DNA. 

Loading sequence of the gel analyzed by Southern blot: lane 1, MS-B2 DNA digested 
^=tf with Ncol, lane 2, MS-B2 DNA digested with EcoRV, lane 3, MS-B2 DNA digested with 
!:i Muni, lane 4, MS-B2 DNA digested with Hindni, lane 5, MS-B2 DNA digested with 

:== i 
: E £ 

15 EcoRI, lane 6, non-transgenic B. napus DNA digested with EcoRI, lane 7, non-transgenic 
!;5 5. napus DNA digested with EcoRI + control plasmid pTCOl 13 DNA digested with 
EcoRI, lane 8, Molecular weight marker (k- PstI). 

Figure 4. PGR analysis of other events and elite event MS-B2 using the MS-B2 
PGR identification protocol Loading sequence of the gel: lane 1, DNA sample from a 
20 Brassica plant comprising the transgenic event MS-B2, lane 2-5, DNA samples from 
Brassica ^Imis comprising other transgenic events, lane 6, DNA from wild-type 
Brassica, lane 7, negative control (water), lane 8, molecular weight marker (lOObp 
ladder). 
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DETAILED DESCRIPTION OF THE INVENTION 

The term *^gene" as used herein refers to any DNA sequence comprising several 
operably linked DNA fragments such as a promoter and a 5' untranslated region (the 
5'UTR), which together form the promoter region, a coding region (which may or may 
5 not code for a protein), and an untranslated 3' region (3'UTR) comprising a 

polyadenylation site. Typically in plant cells, the 5'UTR, the coding region and the 
3'UTR are transcribed into an RNA that, in the case of a protein-encoding gene, is 
translated into the protein. A gene may include additional DNA fragments such as, for 
example, introns. As used herein, a genetic locus is the position of a given gene in the 
=J 10 genome of a plant. 

The term "chimeric" when referring to a gene or DNA sequence is used to refer to 

the fact that the gene or DNA sequence comprises at least two functionally relevant DNA 

ill. ■ . - ^ ■ . * . ' . . ^ ' 

/ fragments (such as promoter, 5'UTR, coding region, 3'UTR, intron) that are not naturally 

is''. 

a * associated with each other and originate, for example, from different sources. "Foreign" 
H 15 referring to a gene or DNA sequence with respect to a plant species is used to indicate ' 
that the gene or DNA sequence is not naturally found in that plant species, or is not 
naturally found in that genetic locus in that plant species: The term "foreign DNA" will 
be used herein to refer to a DNA sequence as it has incorporated into the genome of a 
plant as a result of transformation. The "transforming DNA" as used herein refers to a 
20 recombinant DNA molecule used for transformation. The transforming DNA usually 
comprises at least one "gene of interest" (e.g. a chimeric gene) which is capable of 
conferring one or more specific characteristics to the transformed plant. The term 
"recombinant DNA molecule" is used to exemplify and thus can include an isolated 
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nucleic acid molecule which can be DNA and which can be obtained through 
recombinant or other procedures. 

As used herein the term "transgene" refers to a gene of interest as incorporated in 
the genome of a plant. A "transgenic plant" refers to a plant comprising at least one 
5 transgene in the genome of all of its cells. 

The foreign DNA present in the plants of the present invention preferably 
comprises two genes of interest, more specifically, a male-sterility gene and a 
coregulating gene. 

A "male-sterility gene" as used herein refers to a gene that upon expression in a 
•jO 10 plant renders the plant incapable of producing fertile pollen. An example of a male- 
sterility gene is a gene comprising a DNA sequence encoding bamase, under the control 
of a promoter directing expression in tapetum cells. More specifically, according to the 
present invention, a preferred embodiment of the male-sterility gene comprises a DNA 
encoding bamase under control of the promoter of the TA29 gene of N. tabacum, also 
15 referred to as "TA29-bamase" herein. The TA29 promoter has a "tapetum selective" 
expression pattern in 5ra55/ca. De Block and Debrouwer (1993). 

A "coregulating gene" as used herein refers to a gene, which when introduced into 
plant cells together with another chimeric gene, increases the frequency of transf ormants 
having good agronomical performance. An example of a coregulating gene for use 
20 together with. a male-sterihty gene encoding bamase, is a gene comprising a DNA 
sequence encoding barstar, under the control of a promoter capable of directing 
expression in non-stamen cells or which directs weak expression in stamen cells. More 
specifically, in the elite event of the present invention the coregulating gene comprises a 
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DNA encoding barstar under control of the nopaline synthase gene from the T-DN A of 
Agrobacterium tumefaciens (Depicker et al. (1984) J. Mol. Appl. Genet. 1:3403), also 
referred to as "PNOS-barstar" herein. 

A "fertility restorer gene" as used herein refers to a gene that upon expression in a 
5 plant comprising a male-sterility gene, is capable of preventing expression of the male- 
sterility gene, restoring fertihty in the plant. 

The incorporation of a recombinant DNA molecule in the plant genome typically 
results from transformation of a cell or tissue (or from another genetic manipulation). 
The particular site of incorporation is either due to chance or is at a predetermined 
•rO 10 location (if a process of targeted integration is used). 

m . ^ ■ ' . . ■ • . . 

as. ■' . ^ . 

The foreign DNA can be characterized by the location and the configuration at the 
.!2 site of incorporation of the recombinant DNA molecule in the plant genome. The site in 

" the plant genome where a recombinant DNA has been inserted is also referred to as the 

: = ■ f 

Q "insertion site" or "target site". Insertion of the recombinant DNA into the plant genome 

ru . ' 

15 can be associated with a deletion of plant DNA, referred to as "target site deletion". A 
W "flanking region" or "flanking sequence" as used herein refers to a sequence of at least 20 

bp, preferably at least 50 bp, and up to 5000 bp of the plant genome which is located 
either inrmnediately upstream of "and contiguous with or inrmiediately downstream of and 
contiguous with the foreign DNA. Transformation procedures leading to random 

20 integration of the foreign DNA will result in transformants with different flanking . 
regions, which are characteristic and Unique for each transformant. When the 
recombinant DNA is introduced into a plant through traditional crossing, its insertion site 
in the plant genome, or its flanking regions will generally not be changed. 
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An "insertion region" as used herein refers to the region corresponding to the 
region of at least 40 bp, preferably at least 100 bp, and up to more than 10000 bp, 
encompassed by the sequence which comprises the upstream and/or the downstream 
flanking region of a foreign DNA in the (untransformed) plant genome (and possibly 
including the insertion site and possible target site deletion). Taking into consideration 
minor differences due to mutations within a species, an insertion region will retain at 
least 85%, preferably 90%, more preferably 95%, and most preferably 100% sequence 
identity with the sequence comprising the upstream and downstream flanking regions of 
the foreign DNA in a given plant of that species. 

Expression of a gene of interest refers to the fact that the gene confers on the plant 
one or more phenotypic traits (e.g. herbicide tolerance) that were intended to be conferred 
by the introduction of the recombinant DNA molecule - the transforming DNA - used 
during transformation (on the basis of the structure and function of part or all of the 
gene(s) of interest). 

An "event" is defined as a (artificial) genetic locus that, as a result of genetic 
manipulation, carries a foreign DNA comprising at least one copy of the gene(s) of 
interest. The typical allelic states of an event are the presence or absence of the foreign 
DNA. As used herein an "MS" event will refer to an event carrying a transgene 
comprising "TA29-bamase" and "PNOS -bars tar". An event is characterized 
phenotypically by the expression of the transgenes. At the genetic level, an event is part 
of the genetic makeup of a plant. At the molecular level, an event is characterized by the 
restriction map (e.g. as determined by Southern blotting) and/or by the upstream and/or 
downstream flanking sequences of the foreign DNA, and/or the molecular configuration 
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of the foreign DNA comprising the transgenes. Usually transformation of a plant with a 
transforming DNA leads to a multitude of events, each of which is unique. 

An "elite event", as used herein, is an event which is selected from a group of 
events, obtained by transformation with the same transforming DNA or by back-crossing 
with plants obtained by such transformation, . based on the expression and stability of the 
transgenes and its compatibility with optimal agronomic characteristics of the plant 
comprising it. Thus the criteria for elite event selection are one or more, preferably two 
or more, advantageously all of the following: 

a) That the presence of the foreign DNA does not compromise other desired 
characteristics of the plant, such as those relating to agronomic performance or 
commercial value; ' ■ ^ 

b) That the event is characterized by a well defined molecular configuration 
which is stably inherited and for which appropriate diagnostic tools for identity control 
can be developed; and ^ 

c) That the gene(s) of interest show(s) a correct, appropriate and stable 
spatial and temporal phenotypic expression, both in heterozygous (or hemizygous) and 
homozygous condition of the event, at a commercially acceptable level in a range of 
environmental conditions in which the plants carrying the event are likely to be exposed 
in normal agronomic use. 

It is preferred that the foreign DNA is associated with a position in the plant 
genome that allows introgression into desired commercial genetic backgrounds. 
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The status of an event as an elite event is confirmed by introgression of the elite 
event in different relevant genetic backgrounds and observing compliance with one, two 
or all of the criteria e.g. a), b) and c) above. 

Additionally, for the transforming DNA comprising a male-sterility gene and a 
coregulating gene described herein, selection of the elite event will also be determined on 
the compatibility between this event and selected plants comprising a fertility restorer 
gene. More specifically, it will be ensured that the progeny, resulting from a cross 
between a plant carrying the male-sterility event as described herein and a plant 
homozygous for a fertility restorer gene, that this progeny in which at least the fertility 
!^ 10 restorer event is present, has the following characteristics: 

a) adequate phenotypic expression of the fertility restored phenotype, i.e. 
male-fertility; and 

b) phenotypic expression occurs at a commercially acceptable level in a 
range of environmental conditions in which plants carrying the two events are likely to be 

15 exposed in normal agronomic use. 

An "elite event" thus refers to a genetic locus comprising a foreign DNA, which 
answers to the above-described criteria. A plant, plant material or progeny such as seeds 
can comprise one or more elite events in its genome. 

The "diagnostic tools" developed to identify an elite event or the plant or plant 
20 material comprising an elite event, are based on the specific genomic characteristics of 
the elite event, such as, a specific restriction map of the genomic region comprising the 
foreign DNA and/or the sequence of the flanking region(s) of the, foreign DNA. A 
"restriction map" as used herein refers to a set of Southern blot patterns obtained after 
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cleaving plant genomic DNA with a particular restriction enzyme, or set of restriction 
enzymes and hybridization with a probe sharing sequence similarity with the foreign 
DNA under standard stringency conditions. Standard stringency conditions as used 
herein refers to the conditions for hybridization described herein or to the conventional 
hybridizing conditions as described by Sambrook et al. (1989) (Molecular Cloning: A 
Laboratory Manual, Second Edition, Cold Spring Harbor Laboratory Press, NY) which 
for instance can comprise the following steps: 1) immobilizing plant genomic DNA 
fragments on a filter, 2) prehybridizing the filter for 1 to 2 hours at 42°C in 50% 
formamide, 5 X SSPE, 2 X Derihardt's reagent and 0.1% SDS, or for 1 to 2 hours at 68°C 
in 6 X SSC, 2 X Denhardt's reagent and 0.1% SDS, 3) adding the hybridization probe 
which has been labeled, 4) incubating for 16 to 24 hours, 5) washing the filter for 20 min. 
at room temperature in IX SSC, 0.1 %SDS, 6) washing the filter three times for 20 min. 
each at 68°C in 0.2 X SSC, 0. 1 %SDS, and 7) exposing the filter for 24 to 48 hours to X- 
ray film at -70°C with an intensifying screen. 

Due to the (endogenous) restriction sites present in a plant genome prior to 
incorporation of the foreign DNA, insertion of a foreign DNA will alter the specific 
restriction map of that genome. Thus, a particular transfprmant or progeny derived 
thereof can be identified by one or more specific restriction patterns. The conditions for 
determining the restriction map of an event are laid out in a "restriction map 
identification protocol". Alternatively, plants or plant material comprising an ehte event 
can be identified by testing according to a PCR identification protocol. This is a PCR 
using primers that specifically recognize the elite event. Essentially, a set of primers is 
developed which recognizes a) a sequence within the 3' or 5' flanking sequence of the 
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elite event and b) a sequence within the foreign DNA, which primers amplify a fragment 
(integration fragment) preferably of between 100 and 300 nucleotides. Preferably, a 
control is included of a set of primers that amplifies a fragment within a housekeeping 
gene of the plant species (preferably a fragment which is larger than the amplified 
5 integration fragment). The optimal conditions for the PGR, including the sequence of the 
specific primers are specified in a PGR identification protocol. 

The present invention relates to the development of an elite event in Brassica, 
MS-B2, to the plants comprising this event, the progeny obtained from these plants and to 
the plant cells, or plant material derived from this event. Plants comprising elite event 
10 MS-B2 were obtained through transformation with pTCOl 13 as described in Example 1. 
The recombinant DNAs used for the generation of the plants leading to the 
selection of elite event MS-B2 additionally comprise a DNA sequence encoding the 
enzyme phosphinothricin acetyl transferase and the 35S promoter of Cauliflower Mosaic 
Virus (termed "35S-bar"), where the sequence encoding phosphinothricin acetyl 
15 transferase is under the control of 35S-bar. The 35S-bar has a; "constitutive" expression 
pattem in Brassica, which means that it is significantly expressed in most cell types, 
during most of the plant Ufe cycle. The expression of the 35S-bar gene in OSR plants 
confers resistance to herbicidal compounds phosphinothricin or bialaphos or glufosinate, 
or more generally, glutamine synthetase inhibitors, or salts or optical isomers thereof. 
20 Brassica plants or plant material comprising MS-B2 can be identified according 

to the restriction map identification protocol described for MS-B2 in Example 5.1 herein. 
Briefly, Brassica genomic DNA is digested with a selection (preferably two to five) of 
the following restriction enzymes: Ncol, EcoRV, Muni, Hindlll, EcoRI, is then 
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transferred to nylon membranes and hybridized with the +/- 2000 bp fragment obtained 
by PGR amplification of SEQ ID N0:1 with primers having SEQ ID N0:2 and SEQ ID 
NO:3 generated from plasmid pTCOl 13. It is then determined for each restriction 
enzyme used whether the following fragments can be identified: 

• Ncol: one fragment ofbetween 5077 and 14057 bp, preferably of about 
6000.bp, and one fragment of between 2450 and 2838 bp, preferably of about 2500 bp; 

• EcoRV: one fragment of between. 5077 and 14057 bp, preferably of about 
5,5 kbp and one fragment of between 4507 and 5077 bp, preferably of about 4800 bp; 

• Muni: one fragment of between 5077 and 14057 bp, preferably of about 
5700 bp, one fragment of between 2838 and 4799 bp, preferably of ajbout 4500 bp; 

• Hindni: one fragment of between 2838 and 4507 bp, preferably of about 
3938 bp; and 

•, EcoRl: one fragment of between 1989 and 2450 bp, preferably of about 

2262 bp. 

The lengths of the DNA fragments are determined by comparison with a set of 
DNA fragments of known length, particularly the PstI fragments of phage lambda DNA. 

If the plant material after digestion with at least two, preferably at least three, 
particularly with at least 4, more particularly with all of these restriction enzymes, yields 
DNA fragments with the same length as those described above, the Brassica plant is 
determined to harbor ehte event MS-B2. 

jBra^^rca plants or plant material comprising MS-B2 can also be identified 
according to the PGR identification protocol described for MS-B2 in Example 5.2 herein. 
Briefly, Brassica genomic DNA is amplified by PGR using a primer which specifically 



18 



SI0277 




PATENT 
514412-2020.1 



recognizes a flanking sequence of MS-B2, particularly the primer with the sequence of 
SEQ E) NO: 11, and a primer which recognizes a sequence in the foreign DNA, 
particularly the primer with the sequence of SEQ ID NO: 12. Endogenous Brassica DNA 



200 bp, preferably of about 183 bp, the Brassica plant is determined to harbor elite event 
MS-B2. 

Plants harboring MS-B2 are phenotypically characterized by the fact that, in the 
absence of a restorer gene in their genome, they are male-sterile. A male-sterile plant is 
defined as not being able to produce fertile pollen. 

Plants harboring MS-Bl are also characterized by their glufosinate tolerance, 
which in the context of the present invention includes that plants are tolerant to the 
herbicide Liberty™. Tolerance to Liberty™ is defined by the criterion that spraying of 
the plants in the three to four leaf stage (3 V to 4V) with at least 200 grams active 
ingredient/hectare (g.a.i./ha), preferably 400 g.a.i./ha, and possibly up to 1600 g.a.i./ha, 
does not kill the plants. Plants harboring MS-Bl can further be characterized by the 
presence in their cells of phosphinothricin acetyl transferase as determined by a PAT 
assay (De Block et al, 1987, supra). 

Brassica plants as used herein refers to plants of the family of the Brassicacea, 
preferably plants comprising an A genome. Preferably the Brassica plant will belong to 
one of the species 5. napus, Brassica rapa (or campestris), or 5, juncea. Alternatively, 
the plant can belong to a species originating from intercrossing of these Brassica species, 
such as B. napocampestris, or of an artificial crossing of one of these Bra^^/ca species 
with another species of the Crwa/erac^a. 



primers are used as controls. If the plant material yields a fragment of between 160 and 
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Plants harboring MS-B2 can, for example, be obtained from seeds deposited at the 
ATCC under accession number PTA-850 or PTA^2485. Such plants can be further 
propagated to introduce the elite event of the invention into other cultivars of the same 
plant species. Seeds obtained from these plants contain the elite event stably 
incorporated into their genome. 

The Brassica plants of this invention can be cultivated in a conventional way. 
The presence of the 35S-bar gene ensures that they are tolerant to glufosinate. Therefore, 
weeds in the fields where such Brassica plants are grown can be controlled by application 
of herbicides comprising glufosinate as an active ingredient (such as Liberty™). 

Plants harboring MS-B2 are also characterized by having agronomical 
characteristics that are comparable to commercially available varieties of Brassica in the 
US. The agronomical characteristics of relevance are: plant height, strength/stiffness of 
straw, tendency to lodge, shatter resistance, drought tolerance, disease resistance (such as, 
but not limited to, Black leg. Light leafspot, Sclerotinia) and grain production and yield. 

It has been observed that the presence of a foreign iDNA in the insertion region of 
the Brassica plant genome described herein, confers particularly interesting phenotypic 
and molecular characteristics to the plants comprising this event. More specifically, the 
presence of the foreign DNA in this particular region in the genome of these plants 
results in stable phenotypic expression of the genes of interest without significantly 
compromising any aspect of desired agronomic performance of the plants, making them 
particularly suited for the production of hybrid seed. Thus, the insertion region, 
corresponding to a sequence comprising the plant DNA of SEQ ID N0:8 and/or SEQ ED 
NO: 10, more particularly the insertion site of MS-B2 therein, is shown to be particularly 
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suited for the introduction of a gene(s) of interest. More particularly, the insertion region 
of MS-B2 (corresponding to a DNA sequence of at least 40 bp in the genome of Brassica 
plants which corresponds to the plant DNA of SEQ ID NO:8 and/or SEQ ID NO: 10, of a . 
sequence of at least 40 bp which has at least 85% sequence similarity with the plant DNA 
5 of SEQ ID NO: 8 and/or SEQ ID NO: 10), is particularly suited for the introduction of 
plasmids comprising a male-sterility gene ensuring optimal expression of each of these 
genes in a plant without compromising agronomic performance. 

A recombinant DNA molecule can be specifically inserted in an insertion region 
by targeted insertion methods. ^ Such methods are well known to those skilled in the art 

10 and comprise, for example, homologous recombination using a recombinase such as, but 
not limited to the FLP recombinase from Saccharomyces cerevisiae (US Patent No. 
5,527,695), the CRE recombinase from Escherichia coli phage PI (published PCT 
application WO 9109957), the recombinase from pSRI of Saccharomyces rouxii (Araki et 
al. (1985) J. Mol. Biol. 182: 191-203), or the lambda phage recombination system (such 

15 as described in US Patent No. 4,673,640); 

As used herein, "sequence identity" with regard to nucleotide sequences (DNA or 
RNA), refers to the number of positions with identical nucleotides divided by the number 
of nucleotides in the shorter of the two sequences. The alignment of the two nucleotide 
sequences is performed by the Wilbur and Lipmann algorithm (Wilbur and Lipmann, 

20 1983) using a window-size of 20 nucleotides, a word length of 4 nucleotides, and a gap 
penalty of 4. Computer-assisted analysis and interpretation of sequence data, including 
sequence alignment as described above, can, e.g., be conveniently performed using the 
programs of the Intelligenetics™ Suite (Intelligenetics™ Inc., CA). Sequences are 
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indicated as "essentially similar" when such sequences have a sequence identity of at 
. least about 75%, particularly at least about 80%, more particularly at least about 85%, 
quite particularly about 90%, especially about 95%, more especially about 100%, quite 
especially are identical. It is clear that when RNA sequences are said to be essentially 
5 similar or have a certain degree of sequence identity with DNA sequences, thymine (T) in 
the DNA sequence is considered equal to uracil (U) in the RNA sequence. 

As used herein "comprising" is to be interpreted as specifying the presence of the 
stated features, integers, steps or components as referred to, but does not preclude the 
presence or addition of one or more features, integers, steps or components, or groups 

I S ■ 

10 thereof. Thus, e.g., a nucleic acid or protein comprising a sequence of nucleotides or 

3 ■ , . 

\M amino acids, may comprise more nucleotides or amino acids than the actually cited ones, 

.8 i.e., be embedded in a larger nucleic acid or protein. A chimeric gene comprising a DNA 

13 ■ ■ ' ■ 

" sequence that is functionally or structurally defined, may comprise additional DNA 

; ; ■ ■ ■ • ■ * 

■.rxs - , . - 

1=2 sequences, etc. 

g 15 The following examples describe the development and characteristics of Brassica 

lI plants harboring the elite events MS-B2, 

Unless otherwise stated, all recombinant DNA techniques are carried out 
according to standard protocols as described in Sambrook et al. (1989) Molecular 
Cloning: A Laboratory Manual, Second Edition, Cold Spring Harbor Laboratory Press, 
20 NY and in Volumes 1 and 2 of Ausubel et al. {\99A) Current Protocols in Molecular 
Biology, Current Protocols, USA. Standard materials and methods for plant molecular 
work are described in Plant Molecular Biology Labfax (1993) by R.D.D. Croy published 
by BIOS Scientific Publications Ltd (UK) and Blackwell Scientific Publications, UK. , 
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In the description and examples, reference is made to the following sequences: 



SEQ ID N(J:1: 


1 -JJiNA or piasmia piuui 13 


SEQ ID NO:2: 


pnmer iVUJr> j d j 


SEQ ID NO:3: 


pnmer MJLJJUUo 


SEQ ID N0:4: 


pnmer MJjBzoj 


SEQ ID N0:5: 


pnmer MDBzS 1 


SEQ ID N0:6: 


pnmer JVLDB 1 y 3 


SEQ ID N0:7: 


pnmer MDB258 


SEQ ID N0:8: 


Right (5') border flanking region of elite event MS-B2 


SEQ ID NO:9: 


pnmer JVLDBo 


SEQ IP NO: 10: 


Ljett (5 ) Dorcier iianKing region oi eiiie eveni ivio-cz 


SEQEDNO:!!: 


primer MDB371 


SEQ ID NO: 12: 


primer MDB201 


SEQ ID NO: 13: 


primer CVZ7(B01) 


SEQ ID NO: 14: 


primer CVZ8 (B02) 



Example 1 

Transformation of Brassica with a male-sterilitv gene 
1.1. Construction of the chimeric DNA comprising the bamase gene under the control 
of a tapetum specific promoter (pTCOl 13) 

Plasmid pTCOl 13 was essentially derived from the intermediate vector pGSVl. 
PGSVl is itself derived from pGSClVOO (Comelissen and Vandewielle, 1989), but 
comprises an artificial T-region consisting of the left and right border sequences of the 
TL-DNA form pTiB6S3 and multilinker cloning sites allowing the insertion of chimeric 
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genes between the T-DNA border repeats. The pGSVl vector is provided with a barstar 
gene on the plasmid mainframe, with regulatory signals for expression in E, coli. ~ 
A full description of the DNA comprised between the border repeats of pTCOl 13 is 
given in Table 1 (SEQ ID NO: 1). 

Table 1 > 
Nucleotide (nt) positions of the DNA comprised 



between the T-DNA border repeats of pTCOl 13 



Nt positions 


Orientation 


Description and references 


1-25 




'i.-i 1 ^ r* ^1- fill' T A /* t t y * ^ ^ 

Right border repeat from the TL-DNA from pTiB6S3. 
Gielen et al. (1984) EMBO J. 3:835-846. 


26-53 




Synthetic polylinker derived sequences 


54-90 




Residual sequence from the TL-DNA at the right border 
repeat 


91-97 




Synthetic polylinker derived sequences 


309-98 


Counter 
clockwise 


The 3 'untranslated end from the TL-DNA gene 7 (3'g7) 
of pTiB6S3. Velten et al. (1985) Nucl. Acids Res. 
13:6981-6998; and Dhaese et al. (1983) EMBO J. 3:835- 
846. 


310-331 




Synthetic polylinker derived sequences 


883-332 


Counter 
clockwise 


The coding sequence of the bialaphos resistance gene 
(bar) of Streptomyces hygroscopicus, Thompson et al. 
(1987) EMBO J. 6:2519-2523. The N-terminal two 
codons of the wild-type bar coding region have been 
substituted for the codons ATG and GAC respectively. 


2609-884 


Counter 
clockwise 


The promoter from the atSlA ribulose-l,5-biphosphate 
carboxylase small subunit gene from Arabidopsis 
thaliana (PssuAra). Krebbers et al. (1988) Plant Mol. 
Biol. 11:745-759. / 


2610-2659 




Synthetic polylinker derived sequences 


2920-2660 


Counter 
clockwise 


A 260 bp TaqI fragment from the 3' untranslated end of 
the nopaline synthase gene (3'nos) from the T-DNA of 
pTiT37 and containing plant polyadenylation signals. . 
Depicker et al. (1982) J. Mol. Appl. Genet. 1:561-573. 
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2921-2936 




Synthetic polylinker derived sequences 


3032-2937 




3 'untranslated region downstream from the bamase 
coding sequence of 5. amyloliquefaciens 


3368-3033 


Counter 
clockwise 


The coding region of the bamase gene from 5. 
amyloliquefaciens, Yidxil^y {19%%), 


4878-3369 


Counter 
clockwise 


The promoter region of the anther-specific gene TA29 
from N. tabacum. The promoter comprises the 1.5 kb of 
the sequence upstream from the ATG initiation codon. 
Seurinck et al. (1990)b 


4879-4924 




Synthetic polylinker derived sequences 


4925-5215 


Clockwise 


The promoter of the nopaline synthase gene from the T- 
DNA of pTiT37 of A.Mmefaciens (PNos). The 
nucleotide sequence of the PNos promoter is described 
by Depicker et al. (1982). 


5216-5217 




Synthetic polylinker derived sequences 


5218-5490 


Clockwise 


The coding region of the barstar gene of B, 
amyloliquefaciens. Hartley (1988). 


5491-5530 




Sequence from the 3' untranslated end of the barstar gene 
from B. amyloliquefaciens 


5531-5554 




Synthetic polylinker derived sequences 


5555-5766 


Clockwise ^ 


The 3 Untranslated end from the TL-DN A gene 7 (3 'g7) 
of pTiB6S3. Velten et al. (1985); and Dhaese et al. 
(1983). 


5767-5773 




Synthetic polylinker derived sequence 

^ ■ ■ ■ . 


5774-5810 




Residual sequences from the TL-DN A at the right border 
repeat 


5811-5840 




Synthetic polylinker derived sequence 


5841-5865 




Left border repeat from the TL-DNA from pTiB6S3. 
Gielenetal. (1984). 



1.2. Transformation of 5. napM5 

For transformation of B. napus the vector system as described by Deblaere et al. 
(1985, 1987) was used. The vector system consists of an Agrobacterium strain and two 
5 plasmid components: 1) a non-oncogenic Ti-plasmid (pGV400) and 2) an intermediate 
cloning vector based on plasmid pGSVl. The non-oncogenic Ti-plasmid from which the 
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T-region has been deleted carries the vir genes required for transfer of an artificial T- 
DNA cloned on the second plasmid to the plant genome. The Agrobacterium strains 
resulting from the triparental mating between these components can be used for plant 
transformation. 

5 Selection was done on phosphinothricin (PPT) at all stages except plantlet 

regeneration, which was done in the absence of PPT to accelerate growth. This resulted 
in a set of primary transformants (plants of generation TO). 

Example 2 
Development of events 

, ri ■ ■ ' ' ' ■ . ■ 

, S 10 2.1. Characterization of transgenic events 

i'n. ■ 

i,g ^ 2.1.1. Southern blot analysis 

1 ■ ' ^ ■ 

Presence of the foreign DNA and the number of gene insertions were checked by 

standard Southern blot analysis. Total genomic DNA is isolated from Ig of shoot tissue 

j;J according to Dellaporta j;i983) Plant Mol. Biol. Rep. 3:19-21; or Doyle et al. (1987) 

ru 

^ l 15 Phytochem. Bull. 19: 1 1, and digested with EcoRV restriction enzyme. EcoRV has 
!□ Specific restriction sites within the T-DNA fragment, situated between the bamase and 

bar constructs. Southern analysis was performed with the following two probes: 

"bar" probe: a 546 bp Ncol/Bglll fragment prepared from the vector pDEl 10 
(Figure 1). "PTA29" probe: a 843 bp Nsil/EcoRV fragment prepared from the vector 
20 pC048 (Figure 2). Hybridization of the MS events with the bar probe yielded a 5 Kb 
band, while hybridization with the TA29 probe yielded a 4.6 Kb fragment. 

The relative band intensity provided an indication on whether plants were 
homozygous orhemizygous for the transgenic locus. Several events were found to have 
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simple insertions. This was confirmed by the fact that the segregation pattern of the 
genes of interest could be explained by Mendelian inheritance of a simple locus. 
2.1.2. General plant phenotype and agronomic performance 

Tl plants of MS events were evaluated for a number of phenotypic traits 
5 including plant height, strength/stiffness of straw, tendency to lodge, winter-hardiness, 
shatter resistance, drought tolerance, disease resistance (Black leg. Light leafspot, 
Sclerotinia) and grain production and yield. 

Lines were evaluated to be similar (or improved) in displayed agronomic 
characteristics compared to the untransformed variety as well as a number of B. napus 
!'S 10 cultivars. In some cases, the plants segregated for somaclonal variation for one or more. 

ub of the above-mentioned traits: Unless this resulted in the introduction of a conmiercially ' 

■''■M ■■ • 

>y interesting phenotypic trait, these plants were discarded. 

-^^y 2.2. Development of Hnes carrying the MS trait 

]Z The various TO hemizygous plantlets ("Ms/-") were transitioned from tissue 

a 15 culture, transferred to greenhouse soil. Presence of the foreign DNA and copy number 
Q was checked by Southern blot analysis (described above). . The plants were allowed to 

flower and sterility of flowers was evaluated. The TO plants were crossed with wild-type 
plants (-/-) to produce Tl seed (Ms-Tl). Tl seeds were planted and grown up in the 
greenhouse. Plants were evaluated for tolerance to glufosinate anmionium. Ms-Tl plants 
20 were also evaluated for sterility/fertility segregation (in non-sprayed plants). 

Ms-Tl plants comprising the foreign DNA were crossed with a tester plant 
homozygous for a fertility restorer gene (Rf/Rf), for the production of MsRf-Fl seed. 
This seed (Ms/-, Rf/- and -/-, Rf/-) was planted in the greenhouse and sprayed with 
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Liberty™. Remaining Fl progeny is evaluated for fertility/sterility segregation to test 
whether the male-sterility trait could be adequately restored in 5. napus (fertility should 
be 100%). 

The best events were selected for further testing. Ms-Tl plants were crossed with 
a homozygous fertility restorer and the seed was planted in the field. Plants were 
evaluated for tolerance to the Liberty™ herbicide (at 800 grams active ingredient per 
hectare (g.a.i./ha) reconraiended dosage for farmers is 400 g.a.i./ha), for fertility/sterility 
segregation and for general phenotypic characteristics,^ The lines in which fertility was 
100% restored and for which no negative penalties on phenotype or agronomic 
performance (detailed under 2.1.2.) was observed as compared to the wild-type isogenic 
control were selected. 

2.3. Testing of MS events in different genetic backgrounds and in different locations 
The selected events are introduced into two different genetic backgrounds that are 

heterotically distinct, to prove that the MS event functions well and has no negative 
penalty on yield or quality in any background tested. 

At the same time the selected MS event is tested in four to five different 
environments to ensure that there is no negative interaction between environment and the 
MS event. 

2.4. Selection of a candidate elite event 

The above described selection procedure in the development of transgenic MS 
lines, yielded one elite event which displayed optimal expression of the genes comprised 
in the transforming DNA, i.e. resistance to glufosinate anmionium, a male-sterile 
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phenotype and susceptibility to complete fertility restoration with a homozygous restorer 
line. This candidate elite event was named MS-B2. 

Example 3 
Characterization of elite event MS-B2 
5 Once the MS-B2 event was identified as a candidate elite event in which 

expression of the genes of interest as well as overall agronomic performance were 
optimal, the locus of the foreign DNA was analyzed in detail on a nlolecular level. This 
included detailed Southern blot analysis (using multiple restriction enzymes) and 
sequencing of the flanking regions of the foreign DNA. 

3 10 3.1. Southern blot analysis using multiple restriction enzymes 

■=y ' . ■ 

•=L; Leaf tissue was harvested from transgenic plants comprising event MS-B2 and ^ 

I'S control plants. Total genomic DNA was isolated from leaf tissue according to Dellaporta 
Ld et al. (1983). The DNA concentration of each preparation was determined by measuring 
1'=^ the optical density in a spectrophotometer at a wavelength of 260 nm. 
j"^;i5 . 10 jig of genomic DNA was digested with restriction enzyme in a final reaction 

volume of 40 |il, applying conditions proposed by the manufacturer. The time of 
digestion and/or amount of restriction enzyme were adjusted to ensure complete digestion 
of the genomic DNA samples without non-specific degradation. After digestion, 4 /il of 
loading dye was added to the digested DNA samples, and they were loaded on a 1% 
20 agarose gel. 

The following control DNAs were also loaded on the gel: 
- a negative control with genomic DNA prepared from a non-transgenic Brassica plant. 
This negative control is used to confirm the absence of background hybridization. 
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- a DNA positive control: The amount representing one plasmid copy per genome is 
added to 1 ^ig of digested non-transgenic B, napus DNA. This reconstitution sample is 
used to show that the hybridizations are performed under conditions allowing 
hybridization of the probe with target sequences. 

Phage Lambda DNA (strain Clind 1 ts 857 Sam 7, Life Technologies) digested with PstI 
was included as size standard. 

After electrophoresis, the DNA samples (digested Brassica genomic DNA, 
controls and size standard DNA) were transferred to a Nylon membrane by capillary 
blotting during 12 to 16 hours. As a probe, a DNA fragment was used which was 
obtained by PGR amplification of a fragment of pTC0113 with the following primers: 
Probe 5'-^3' position in pTCO 113 

MDB355 gTA.ACA.TAg.ATg.ACA.CCg.CgC 2667-2687 
(SEQIDNO:2) 

MLD008 ATA.ggg.Tgg.gAg.gCT.ATT.Tgg 4717-4697 
(SEQIDNO:3) 

This resulted in a +/- 2P00bp DNA fragment that encompasses a relevant part of 
the transforming DNA (bamase, PTA29). After purification, the DNA fragment was 
labeled according to standard procedures, and used for hybridizing to the membrane. 

Hybridization was performed under standard stringency conditions: The labeled, 
probe was denaturated by heating for 5 to 10 minutes in a water bath at 95°C to lOO^C 
and chilling on ice for 5 to 10 minutes and added to the hybridization solution (6 X SSC 
(20 X SSC is 3.0 M NaCl, 0.3 M Na citrate, pH 7.0), 5 X Denhardt's (100 X Denhardt'.s = 
2% FicoU, 2% Polyvinyl pyrollidone, 2% Bovine Serum Albumin), 0.5 % SDS and 20 
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/ig/iril denatured carrier DNA (single-stranded fish sperm DNA, with an average length 
of 120 - 3000 nucleotides). The hybridization was performed overnight at 65°C. The 
blots were washed three times for 20 to 40 niinutes at 65°C, with the v^ash solution (2 X 
SSCO.l %SDS). 

The autoradiographs were electronically scanned. 

The restriction patterns obtained after digestion of MS-B2 genomic DNA with 
different restriction enzymes is presented in Figure 3 and summarized in Table 2. 

Table2 



Restriction map of MS-B2 



Lane 
number 


DNA loaded 


Migration of hybridizing 
DNA fragments between 
size marker bands 


Estimated length of the 
hybridizing DNA 
fragments. 






Larger than 


Smaller than 




1 


MS-BNl-NcoI 


5077 


14057 


6000 bp . 






2450 


2838 


2500 bp 


2 


MS-BNl-EcoRV 


5077. 


14057 


5500 bp 






4507 ■ 


5077 


4800 bp 


4 


MS-BNl- Muni 


5077 


14057 


5700 bp 






2838', 


4799 


4500 bp 


5 


MS-BNl - Hindlll 


2838 


4570 


3938bp(*) 


6 


MS-BNl -EcoRI 


1989 


.2450 


2262bp(*) 


7 


Non-transgenic 
Brassica 








8 


Control plasmid 
DNA -EcoRI 


1989 


2450 


2262bp(*) 



(*) the lengths of these fragments are those predicted from* the restriction map of the 



plasmid pTCOl 13 

3.2. Identification of the flanking regions 

The sequence of the regions flanking the inserted foreign DNA in the MS-B2 
event was determined using the thenrial asymmetric interlaced (TAIL-) PGR method 
described by Liu et al. (1995) Plant J. 8:457-463. This method utihzes three nested 
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primers in successive reactions together with a shorter arbitrary degenerate primer so that 
the relative amplification efficiencies of specific and non-specific products can be 
thermally controlled. The specific primers were selected for annealing to the border of 
the foreign DNA and based on their annealing conditions. A small amount (5 of 
5 unpurified secondary and tertiary PCR products were analyzed on a 1% agarose gel. The 
tertiary PCR product was used for preparative amplification, purified and sequenced on 
an automated sequencer using the DyeDeoxy Terminator cycle kit. 
3.2.1. Right (5') flanking region 



The primers used were: 









Position in 






Sequence (5' -> 3') 


PTC0113 




Degenerate 


NTC.gAS.TWT.SgW.gTT 






primer 


(SEQIDNO:4) 




XT 


MDB285 








Primary TAIL 


ggA.TCC.CCC.gAT.gAg.CTA.AgC.TAg.C 


293^317 




MDB251 


(SEQIDNO:5) 






Secondary TAIL 


TCA.TCT.ACg.gCA.ATg.TAC.CAg.C 


226<-247 




MDB193 


(SEQIDN0:6) 






Tertiary TAIL 


CTA.Cgg.CAA.TgT.ACC.AgC.Tg 


224^243 




MDB258 


(SEQ ID N0:7) 





Q 10 Whereby: N = A,C,T org; S = Corg; W = AorT ^ 



The fragment amplified using MDB285-MDB258 was ca. 415 bp, the complete 
sequence of which was determined (SEQ ID NO: 8). The sequence between nucleotide 1 
and 234 corresponds to plant DNA, while the sequence between nucleotide 235 and 415 
corresponds to T-DN A. 
15 3.2.2. Left (3') flanking region 

The primers used were: 
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Sequence (5* 3') 


Position in 
PTC0113 


Degenerate 

primer 

MDB285 


NTC.gAS.TWT.SgW.gTT 
(SEQIDN0:4) 


- 


Primary TAIL 
MDBS 


TCA.gAA.gTA.TCA.gCg.ACC.TCC.ACC 
(SEQIDN0:9) 


5249-5272 


Secondary TAtt. 
MDB251 


ggA.TCC.CCC.gAT.gAg.CTA.AgC.TAg.C 
(SE0IDN0:5) 


5547-5572 


Tertiary TAIL 
MDB258 


CTA.Cgg.CAA.TgT.ACC.AgC.Tg 
(SEQIDN0:7) 


5621-5640 



Whereby: N = A,C,T or g; S = C or g; W = A or T 



The fragment amplified using MDB285-MDB258 was ca. 416 bp, the complete 
sequence of which was determined (SEQ ID NO: 10). The sequence between nucleotide 
1 and 193 corresponds to T-DNA, while the sequence between nucleotide 194 and 416 
corresponds to plant DNA. , 
3.3. Genetic analysis of the locus 

The genetic stability of the insert for the MS-B2 event was checked by molecular 
and phenotypic analysis in the progeny plants over several generations. 

. Southern blot analyses of plants of the TO, Tl and T2 generation were compared 
for the MS-B2 event. The patterns obtained were found to be identical in the different 
generations. This proves that the molecular configuration of the foreign DNA in MS-B2 
was stable. 

The MS-B2 event displayed Mendelian segregation for the transgenes as a single 
genetic locus in at least three subsequent generations indicating that the insert is stable. 
On the basis of the above results MS-B2 was identified as an elite event. 
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Example 4 



Introduction of MS-B2 into g. Juncea. B. napus WQSR and B, rapa 



By molecular mapping it was determined that event MS-B2 is localized on the A 
genome of 5. napus. 

Event MS-B2 was introduced by repeated backcrossing from Drakkar variety 
plants comprising event MS-B2 into a B, juncea cultivar. After at least 6 generations of 
backcrossesrthe 5. juncea plmts were examined and it was established that: 

a) the presence of the foreign DNA did not comproirdse other desired 
characteristics of the plant, such as those relating to agronomic performance or 
commercial value; 

b) the event was characterized by a well defined molecular configuration 
which was stably inherited; and 

c) the gene(s) of interest in the foreign DNA showed a correct, appropriate 
and stable spatial and temporal phenotypic expression, both in heterozygous (or 
hemizygous) and homozygous condition of the event, at a commercially acceptable level 
in a range of environmental conditions in which the plants carrying the event are likely to 
be exposed in nonnal agronomic use. 

Furthermore, the plants were evaluated for their agronomical characteristics and 
perfonnance as compared with wild-type 5. ywnc^a species. 

Extensive testing in the field demonstrated that MS-B2 in B. juncea resulted in 
plants that showed adequate expression of the genes of interest in the foreign DNA, i.e. a 
male-sterile phenotype, combined with optimal agronomic performance. Thus, although ; 
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originally developed in a j5. napus, it was surprisingly found that MS-B2 was also an elite 
tVQTii m B, juncea. 

Event MS-B2 was introduced, by repeated backcrossing, from Drakkar variety 
plants comprising event MS-B2 into a 5. napus winter oilseed rape. After at least 6 
5 generations of backcrosses, the WOSR plants were examined and it was established that: 

a) the presence of the foreign DNA did not compromise other desired 
characteristics of the plant, such, as those relating to agronomic performance or 
commercial value; 

b) the event was characterized by a well defined molecular configuration 
i;3 lb which was stably inherited; and 

c) the gene(s) of interest in the foreign DNA showed a correct, appropriate 
!'3 and stable spatial and temporal phenotypic expression, both in heterozygous (or 

I a hemizygous) and homozygous condition of the event, at a conmiefcially acceptable level 
14 in a range of environmental conditions in which the plants carrying the event are likely to 
ry i5 be exposed in normal agronomic use. 

'^i Furthermore, the plants were evaluated for their agronomical characteristics and 

performance as compared with wild-type WOSR cultivars. 

Extensive testing in the field demonstrates that MS-B2 in WOSR results in plants 
that showed adequate expression of the transgenes in the foreign DNA, i.e. a male-sterile 
20 phenotype, combined with optimal agronomic performance. Thus, although originally 
developed in spring OSR, it was surprisingly found that MS-B2 was also an elite event in 
winter oilseed rape. 
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It was also found that MS-B2 can be introduced into 5. rapa and that it is an elite 
event in this Brassica species. It can be concluded that surprisingly, MS-B2 is an elite 
event in three different Brassica species, 5. napus, BJuncea and B. rapa. 

Example 5 

Development of diagnostic tools for identity control 
The following protocols were developed to identify any Brassica plant material 
comprising the elite event MS-B2. 

5.1. MS-B2 Elite event Restrifction map identification protocol 

5. napus or juncea plants containing the elite event MS-B2 can be identified by 
Southern blotting using essentially the same procedure as described in Example 3.1. 
Thus Brassica genomic DNA is 1) digested with at least two, preferably at least 3, 
particularly with at least 4, more particularly with all of the following restriction 
enzymes: Ncol, EcoRV, Muni, Hindlll, EcoRI, 2) transferred to nylon membranes and 3) 
hybridized with the a fragment of about 2000 bp generated by PGR amplification from 
the plasmid pTC0113 with primers MDB355 (SEQ ID N0:2) and MDB008 (SEQ ID 
NO:3) (as described in Example 3.1). If, with respect to at least two of the restriction 
enzymes used, DNA fragments are identified with the same length as those listed in 
Table 2, the Brassica plant is determined to harbor eUte event MS-B2. 

5.2. MS-B2 Elite event Polymerase Chain reaction identification protocol 

A test run, with all appropriate controls, has to be performed before attempting to 
screen unknowns. The presented protocol might require optimization for components 
that may differ between labs (template DNA preparation, Taq DNA polymerase, quality 
of the primers, dNTP's, thermocyler, etc.). 
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« * 

Amplification of the endogenous sequence plays a key role in the protocol. One 
has to attain PGR and thermocycling conditions that amplify equimolar quantities of both 
the endogenous and transgenic sequence in a known transgenic genomic DNA template. 
Whenever the targeted endogenous fragment is not amplified or whenever the targeted 
5 sequences m-e not amplified with the same ethidium bromide staining intensities, as 
judged by agarose gel electrophoresis, optimization of the PGR conditions may be 
required. 

5.2.1. Template DNA 

Template DNA is prepared from a leaf punch or a single seed according to 
f 10 Edwards et al. (1991) NucL Acids Res. 19: 1349. When using DNA prepared with other 
I methods, a test run utilizing different amounts of template should be done. Usually 50 ng 

3 of genomic template DNA yields the best results, 

5.2.2. Assigned positive and negative controls 

The following positive and negative controls should be included in a PGR run: 
. 1 15 - Master Mix control (DNA negative control). This is a PGR in which no 

3 DNA is added to the reaction. When the expected result, no PGR products, is observed 
this indicates that the PGR cocktail was not contaminated with target DNA. 

A DNA positive control (genomic DNA sample known to contain the 
transgenic sequences). Successful amplification of this positive contirol demonstrates that 
20 the PGR was run under conditions that allow for the amplification of target sequences. 

A wild-type DNA control. This is a PGR in which the template DNA 
provided is genomic DNA prepared from a non-transgenic plant. When the expected 
result, no amplification of a transgene PGR product but amplification of the endogenous 
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PGR product, is observed this indicates that there is no detectable transgene background 
amplification in a genomic DNA sample. 

5.2.3. Primers 

The following primers, which specifically recognize the foreign DNA and a 
5 flanking sequence of MS-B2 are used: 

BOl: 5'-gAA.ATC.CAT.gTA.AAg.CAg.CAg.gg-3' (SEQIDN0:11) 

(MDB371) (target: plant DNA) 

B02: 5'-gCT.Tgg.ACT.ATA.ATA.CTT.gAG-3' (SEQIDNO:12) 

(MDB201) (target: T-DNA) 

^=3 10 Primers targeting an endogenous sequence are always included in the PGR 

I'LJ cocktail. These primers serve as an internal control in unknown samples and in the DNA 

i!Q'' * . ■ ' 

positive control. A positive result v^ith the endogenous primer-pair demonstrates that 

i/J there is ample DNA of adequate quality in the genomic DNA preparation for a PCR 

i=f product to be generated. The endogenous primers used are: 

[^15 B03: 5'-AAC.gAg.TgT.CAg.CTA.gAC.CAg.C^3V (SEQIDN0:13) 

(CVZ7) (located in B. napus cruA gene (X1455)) 

B04: S'-CgC.AgT.TCT.gTg. AAC.ATC.gAC.C-3' (SEQ ID NO: 14) 

(CVZ8) (located in B. napus cruA gene (X1455)) 

5.2.4. Amplified fragments 

20 The expected amplified fragments in the PCR reaction are: 

For primer pair B03-B04: 394bp (endogenous control) 

For primer pair B01-B02: 183bp (MS-B2 Elite Event) 

5.2.5. PCR conditions 
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The PGR mix for 25 ^1 reactions contains: 
2.5 \i\ template DNA 

2.5 III lOx Amplification Buffer (supplied with Taq polymerase) 

G.5^1 lOmMdNTP's 

0.5 |iil BGl (10 pmoles/^l) 

0.5 |iil B02 (10 pmoles/^l) 

0.25 jil BOS (10 pmoles/|xl) 

0.25 jil B04 (10 pmoles/|xl) 

0.1 ^il Taq DNA polymerase (5 units/^il) 

water up to 25 |Jil 

The thermocycling profile to be followed for optimal results is the following: 
4min. at95°C 

Followed by: 

imin. at 95°C 
I min. at57°C 
2inin. at72°C 
For 5 cycles 

Followed by: 

30 sec. at92°C 

30sec. at57°C . - 

1 min. at 72°C 

For 25 cycles . 
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Followed by: 

5min. at72°C 

5.2.6. Agarose gel analysis 

Between 10 and 20 jil of the PCR samples should be applied on a 1,5% agarose 
gel (Tris-borate buffer) with an appropriate molecular weight marker (e.g. lOObp ladder 
Pharmacia). 

5.2.7. Validation of the results 

Data from transgenic. plant DNA samples within a single PCR run and a single 
PCR cocktail should not be acceptable unless 1) the DNA positive control shows the 



^''"^ 10 expected PCR products (transgenic and endogenous fragments), 2) the DNA negative 
control is negative for PCR amplification (no fragments) and 3) the wild-type DNA 



; s3 



control shows the expected result (endogenous fragment amplification). 

W Lanes showing visible amounts of the transgenic and endogenous PCR products 

of the expected sizes, indicate that the corresponding plant from which the genomic 
15 template DNA was prepared, has inherited the MS-B2 elite event. Lanes not showing 

□ visible amounts of the transgenic PCR products and showing visible amounts of the 

endogenous PCR product, indicate that the corresponding plant from which the genomic 
template DNA was prepared, does not comprise the ehte event. Lanes not showing 
visible amounts of the endogenous and transgenic PCR products, indicate that the quality 
20 and/or quantity of the genomic DNA didn't allow for a PCR product to be generated. 
These plants cannot be scored. The genomic DNA preparation should be repeated and a 
new PCR run, with the appropriate controls, has to be performed. 
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5.2.8. Use of discriminating PGR protocol to identify MS-B2 

Brassica leaf material from plants comprising MS-B2 or another transgenic event 
were tested according to the above-described protocol. Samples from B, napus wild-type 
were taken as negative controls. 

Figure 4 illustrates the result obtained with the elite event PGR identification 
protocol for MS-B2 on a number of Brassica samples (lanes 1 to 5). The sample in lane 
1 is recognized to contain the elite event as the 183 bp band is detected, while the 
samples in lanes 2 to 5 do not comprise MS-B2. Lane 6 represents a non-transgenic 
Brassica control, and lane 7 the negative control (water) sample. 

As used in the claims below, unless otherwise clearly indicated, the term "plant" 
is intended to encompass plant tissues, at any stage of maturity, as well as any cells, 
tissues, or organs taken from or derived from any such plant, including without 
limitation, any seeds, leaves, stems, flowers, roots, single cells, gametes, cell cultures, 
tissue cultures or protoplasts. 

Seed comprising elite event MS-B2 was deposited at the American Tissue Gulture 
Gollection under accession number PTA-85(). Another sample of the same seed was 
deposited under accession number PTA- 2485. 

The above description of the invention is intended to be illustrative and not 
limiting. Various changes or modifications in the embodiments described may occur to 
those skilled in the art. These can be made without departing from the spirit or scope of 
the invention. 
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